METHOD FOR SELECTING THE POLARXZAUON OF THE LASER 



BEAM OSCILLATING INSIDE A LASER CAVITY 




DESCRIPTION 



[0001] 



The present invention relates to a method 



for selecting the polarization of the laser beam inside a 
laser cavity, which provides generation of a laser beam 
inside said resonant laser cavity, comprising one or more 
birefringent optical media. In the development of solid 
state laser systems it proves often useful to select the 
polarization of the laser light generated inside the 
oscillator, i.e. in the laser cavity. The polarization 
state of the laser light, in fact, is particularly 
important in some applications of laser-matter interaction, 
such as non linear processes for generating higher 
harmonics or for parametric generation; in most cases, 
where the use of a polarized laser beam is required, it is 
convenient to select the polarization inside the oscillator 
rather than outside it. If the oscillator emits a non 
polarized beam, the external selection of the polarization 
entails a halving of the power available, whereas the inner 
selection will cause much minor losses: in this event, in 
fact, the active element in the cavity can use all of its 
own gain to the advantage of the polarization whose 
oscillation is allowed. 
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[0002] Moreover, many optoelectronic devices 

interacting with a laser beam (inside or outside the laser 
cavity) have a different behaviour according to the state 
and degree of the polarization of the incident laser light. 

[0003] For instance, the electro-optical Q- 

switching modulator pertains to this category: since the 

polarization of the light crossing the modulator is altered 

by switching the modulator voltage, the Q- switching effect 

(i.e. modulation of the cavity losses) is reached causing 

the cavity to oscillate without losses on a well precise 

polarization, and do not oscillate on the orthogonal 

polarization (i.e. having high losses) due to a selection 

device. Modulation methods of the cavity losses through a 

* 

polarization- selective element in the resonator may be 
employed for the so-called "mode- locking" operating mode to 
generate laser pulses lasting less than a nanosecond. 

[0004] At least three different occurrences can be 

noticed where the designer has recourse to a polarization 
selector element in order to obtain a (linearly) polarized 
radiation from the oscillator, depending on the active 
material being used: 

[0005] 1) if the laser material is optically and 

thermo-mechanically isotropic, such as Nd : YAG , or anyway 
emitting a non polarized laser radiation (such as e.g. 
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Nd:YV0 4 c-cut) ; in this case the polarizer element will 
force operation of a well determined polarization 
direction; 

[0006] 2) if the laser material is optically and/or 
thermo-mechanically anisotropic, such as Nd:YV0 4 and 
Nd:GdV0 4 a-cut, whose anisotropic properties will force the 
oscillation of a precise polarization; in this case, the 
polarizer element may be employed for improving the degree 
of spontaneous polarization or forcing the oscillation of 
the orthogonal polarization or of another polarization; 

[0007] 3) if the laser material is optically and/or 
thermo-mechanically anisotropic, and emits laser light of 
different wavelength or with different laser properties in 
the main directions of anisotropy, such as Nd : YLF , Nd:YV0 
or NdrGVO; in this case, the polarizer element may be 
advantageously utilized for simultaneous selection of the 
polarization state, wavelength or other properties of the 
laser oscillation. 

[0008] Conventionally, selection of the oscillating 
polarization occurs by means of optical elements causing a 
highly precise linear polarization (selection of an 
elliptic polarization is possible but generally not very 
useful) . The common operating concept of these elements is 
based on the introduction of different losses for the light 
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oscillating in the resonator on one or the other linear 
polarization. 

[0009] Most common known polarizer devices utilize 

Fresnel transmission and reflection properties for surfaces 
inclined at the Brewster angle; as well known, when an 
unpolarized laser beam impinges on an optically dense 
plate (refractive index n) at an angle of incidence 
(measured with respect to the normal to the plate plane) 
equal to Brewster angle (which depends on the refractive 
index) the polarized beam component in the plane parallel 
to the Brewster angle is transmitted without losses, 
whereas the perpendicular component has power losses due to 
reflection depending on the refractive index n. By mean of 
on an appropriate material choice, it is possible to have 
the undesired polarization undergo enough losses to avoid 
reaching the laser threshold condition, whereas the main 
polarization oscillates freely. A typical manufacture of 
the device is to machine one or both faces of the active 
material so as to have the appropriate Brewster angle with 
respect to the direction of the mode propagation in the 
cavity. 

[0010] More sophisticated devices are known, which 

utilize the properties of appropriate dielectric layers 
deposited on an optical surface in order to enhance the 



different transmission properties of the polarized light 
from an inclined surface: dielectric film polarizers 
(Brewster angle and 45° angle) belong to this category, 

[0011] Other known polarizers operate according to 

the birefringence principle through the angular separation 
of the main polarization components. Such devices are e.g. 
Glan-Taylor, Glan-Thompson, Nicol, Wollaston and Rochon 
prisms, which consist of two calcite or calcite and quartz 
elements either stuck together or air-spaced. 

[0012] These elements cannot be easily utilized in 

laser systems with a high average power due to rather high 
intrinsic losses and absorption. Also dichroic (polaroid) 
polarizers are not suggested for the same reason. 

[0013] At the present state of the art it is clear 
how the sole selection methods of a preferential 
polarization state, practically performable in a laser with 
a high average power, require the use of specific 
dielectric elements or uncoated surfaces at the appropriate 
Brewster angle inside the resonator. The former are surely 
the most efficient ones due to their very high transmission 
contrast between the two orthogonal polarizations; however, 
(in general) their losses are not irrelevant for the 
oscillating polarization (typical 2-5%, a value often 
comparable with the transmission of the output coupler, so 
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that a consistent amount of the extractible power is 
wasted) ; generally, they are expensive and relatively space 
requiring in a modern laser resonator. Conversely, a simple 
plate or surface at the Brewster angle has usually not 
enough contrast for selecting the polarization in a high 
gain oscillator; moreover, should said plate be integrated 
as the output face of the active medium, this would entail 
high manufacturing costs. 

[0014] It is the object of the present invention to 

solve the above drawbacks and provide a method for 
selecting the polarization of the laser beam inside a laser 
cavity, having an improved and more efficient performance 
with respect to the existing solutions. 

[0015] In this frame, it is the main object of the 

present invention to provide a method for selecting the 
polarization of the laser beam inside a laser cavity, which 
is suitable for use in apparatuses with a high average 
power, ensuring high performances and, in particular, a 
high transmission contrast. 

[0016] A further object of the present invention is 
to provide a method for selecting the polarization of the 
laser beam inside a laser cavity, which involves negligible 
absorption or, in general, irrelevant laser light losses 
when in use in a cavity with a high average power. 
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[0017] A further object of the present invention is 
to provide a method for selecting the polarization of the 
laser beam inside a laser cavity, which has low 
manufacturing costs and easy operation. 

[0018] In order to achieve such aims, it is the 

object of the present invention to provide a method for 
selecting the polarization of the laser beam inside a laser 
cavity and/or an apparatus incorporating the features of 
the annexed claims, which form an integral part of the 
description herein. 

[0019] Further objects, features and advantages of 

the present invention will become apparent from the 
following detailed description and annexed drawings, which 
are supplied by way of non limiting example, wherein: 

[0020] Fig. 1 shows an illustrative diagram of a 

physical phenomenon utilized by the method for selecting 
the polarization of the laser beam inside a laser cavity, 
according to the present invention; 

[0021] Fig. 2 shows a basic diagram of a method for 
selecting the polarization of the laser beam inside a laser 
cavity, according to the present invention; 

[0022] Fig. 3 shows a basic diagram of a further 

embodiment of the method for selecting the polarization of 
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the laser beam inside a laser cavity, according to the 
present invention ; 

[0023] Fig. 4 shows a basic diagram of a further 

embodiment of the method for selecting the polarization of 
the laser beam inside a laser cavity, according to the 
present invention; 

[0024] Fig. 5 shows a basic diagram of a further 

embodiment of the method for selecting the polarization of 
the laser beam inside a laser cavity, according to the 
present invention; 

[0025] Fig. 6 shows the output power curve of an 

example of a laser cavity in which selection of the 
polarization of the laser beam is performed inside a laser 
cavity according to the present invention; 

[0026] Fig. 7 shows a trend of the power and 

polarization change of the laser beam of a laser cavity 
according to the present invention upon changing the 
alignment angle of the optical axis of the resonator; 

[0027] Fig. 8 shows a basic diagram of a method for 
selecting the polarization of the laser beam inside a laser 
cavity operating in Q- switching regime, according to the 
present invention. 

[0028] The inventive idea of the present invention 

consists substantially of a method for selecting the 
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polarization of the oscillating laser beam inside a 
discrete-elements solid state laser cavity, which uses the 
birefringent property of an optical element inside the 
laser resonator and operates by means of an angular 
selectivity phenomenon in the alignment of the resonator 
itself. 

[0029] It is known that some crystalline materials 

commonly used inside laser systems are featured by a strong 
birefringence, among which the following categories are 
recalled: 

[0030] - non linear crystals utilized for 

parametric interactions and generation of higher harmonics, 
such as but not limited to KTP, BBO, LBO, KTA, RTA, RTP, 
LiNbO. 

[0031] - birefringent active materials, such as but 
not limited to Nd:YV0 4 , Nd:GdV0 4 , Nd:YLF, Nd:SFAP and 
Yb: SFAP, Nd : BYF and Yb : BYF , NdrKGW and YbrKGW. 

[0032] - birefringent undoped crystals, such as but 
not limited to YV0 4 , GdV0 4 , sapphire, etc. 

[0033] For the purposes of the method according to 

the present invention, by birefringent material it should 
be intended any medium with optical anisotropy or a finite 
difference between the values of the refractive indexes 
measured along various directions inside the medium, said 
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anisotropy being natural or induced by any external 
actions; interest is put in the materials having 
transparency at one or more of the laser wavelengths of the 
laser cavity where polarized oscillation is desired. The 
value of the refractive index pertaining to the light of a 
determined wavelength and polarized according to a precise 
direction inside the anisotropic material can be defined 
for each one of these materials, using e.g. Sellmeier's 
approximate equations of the material. 

[0034] In order to clarify the operation of the 

method according to the present invention, the double 
refraction phenomenon is represented in dashed line in 
Figure 1 . 

[0035] Figure 1 is representing a TEM (Transversal 

Electro-Magnetic) laser beam 1, with generic polarization. 
Said laser beam 1 propagates inside an anisotropic material 
9 along one of its main polarization axes; the 
polarization components 2 and 3 of the laser beam 1 lay in 
a plane perpendicular to its propagation direction and in 
said section of the anisotropic material 9 it is possible, 
as well known according to the methods of the classic 
optics, to define an ellipsoid of the refractive indexes to 
which the polarization components are subject during 
propagation. Two main axes of said ellipsoid can be defined 
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with the two relevant values, maximum and minimum, of the 
refractive index; for the purposes of the method of the 
present invention, both maximum and minimum values should 
not coincide; it is also possible to separate the 
polarization of the laser beam 1 in two components oriented 
along the two main axes, i.e. the above ordinary component 
2 associated to an ordinary refractive index n Q and the 
extraordinary component 3 associated to an extraordinary 
refractive index n e . The different refractive index causes a 
mutual phase difference of said polarization components 2 
and 3 as they further progress in the anisotropic medium 
9. 

[0036] While progressing in the anisotropic medium 

9, the laser beam 1 meets a face 22, where by face an 
optically polished surface is intended, which is crossed or 
hit by the output laser beam 1 from the anisotropic 
biref ringent medium 9 towards a second medium 4 , in this 
case represented by air, for easiness of example. Should 
the face 22 interfacing between the anisotropic medium 9 
and the second medium 4 be chosen perpendicular to the 
propagation direction in the anisotropic medium 9, both the 
polarization components 2 and 3 would leave the medium 9 
collinear, with the same direction and phase-shifted. 
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[0037] However, if the face 22 as depicted in 

Figure 1 is not perpendicular to the propagation direction 
inside the medium 9, then the so-called double refraction 
phenomenon will ensue: both the polarized components 2 and 
3 follow Snell law, nisen0i=nextsen9ext# where ni indicates the 
refractive index of the birefringent medium, 0i the angle 5 
formed between the propagation direction in the 
birefringent medium and the normal to the interface 
surface, n ex t the refractive index of the outside medium 
(n ex t = 1 for air) and Gext the output angle measured from the 
normal to the interface surface. Since both main 
polarization components are associated to two different 
refractive indexes, n Q or n e , it is clear how the two 
components of the ordinary and extraordinary polarization 2 
and 3 exit the face 22 as two polarized output components 6 
and 7, which are angularly separated in the propagation 
directions by a quantity 0 e -0 o = arcsen (n e sen0i /next) - 
arcsen (n o sen0i /next) and out of phase. It is obvious how the 
angular separation will be the more pronounced: the higher 
the difference between the refractive indexes n Q or n e ; the 
higher the incidence angle to the interface 0i; and the higher 
the ratio between the average value of the anisotropic 
material indexes and the refractive index of the external 
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medium (air, with n=l is a preferred material for such an 
interface) ♦ 

[0038] Also, the angular separation is at its 

maximum when one of the main directions, no (ordinary) or n e 
(extraordinary) , lays in the plane in which the angle 
between the normal to the interface and the propagation 
direction is defined, and in the event of a plane 
interface, the other one lays in the plane of the 
interface. 

[0039] In Figure 2 a basic diagram illustrates the 

method according to the present invention. Therefore, 
Figure 2 is representing a resonant cavity 20 or ideal 
resonator, delimited by a mirror 8 placed on a first face 
31 of the birefringent anisotropic material 9 and by a 
second mirror 10 in the air at a pre- selected distance from 
the anisotropic material 9. The anisotropic material 9 is 
contained in the resonant cavity 20 delimited by the two 
mirrors 8 and 10. 

[0040] Both the position and orientation of the 

first mirror 8 constrain the resonance direction of the 
cavity 20 in a first direction 11 exactly perpendicular to 
the plane of said mirror 8. The anisotropic medium 9 has 
optical anisotropy in the plane perpendicular to such a 
direction 11, while a second face 32 of the anisotropic 
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material 9, forming the interface with the air 4 is 
inclined by an angle Q{ with respect to such a direction 11 . It is quite 
clear that the ideal resonant cavity 20 so delimited has 
two different configurations corresponding to two 

resonance conditions upon changing the orientation of the 
mirror in the air 10: a first condition in which the 
position of the mirror in the air 10 is apt to reflect the 
ordinary polarization component 6 along an optical path 
towards the face 32, so that inside the anisotropic 
material 9 said component 6 will be aligned along the 
direction 11; a second condition in which the position of 
the mirror 10 is apt to operate such a reflection for the 
extraordinary polarization component 7. 

[0041] Therefore, it is obvious that choosing one 

of the two resonance orientations for the mirror 10, will 
automatically exclude oscillation in the remaining 
direction, therefore the cavity 20 allows oscillation of 
one main polarization direction alone at a time; 
accordingly, a device appropriately manufactured according 
to this method ensures a maximum possible contrast in 
selecting the polarization. 

[0042] The choice of one or the other polarization 

merely depends on the re-alignment of one mirror, i.e. 
mirror 10. It is also clear that such a choice can be 
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executed maintaining the mirror 10 fixed and re -aligning 
the mirror 8, along with the birefringent material 9. 

[0043] The necessary condition of the method 

according to the present invention is to have an 
interfacing surface inside the cavity 20, namely the second 
face 32, between an optical anisotropic material 9 and 
another optical medium, such as the air in the example, 
crossed by the laser beam 1 generated in the cavity, said 
interfacing surface being deliberately non perpendicular to 
the propagation direction 11 of said laser beam 1. 

[0044] This condition is also sufficient in case no 
element inside the resonant cavity 20 is in a position to 
cancel the angular and/or spatial separation produced by 
the above interface 32. 

[0045] Most birefringent materials suitable for a 

practical implementation of the method according to the 
present invention are already normally utilized inside 
laser cavities and have irrelevant absorptions and losses 
for the radiation oscillating in the resonator. 

[0046] The method depicted in Figure 2 can be 

easily applied to a real laser cavity by evaluating an 
appropriate sensitivity parameter for the misalignment of 
the cavity 20 itself, which can be defined as the inverse 
of the minimum deviation angle of a mirror (or other 
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optical element of the cavity) from its perfect optical 
alignment, such to cause the extinction of the laser 
oscillation. See Figure 7 in this connection, as better 
detailed in the following description. Said sensitivity 
parameter not only depends on the optical design of the 
resonant cavity but also on the laser gain of the active 
medium and on the total losses of the resonator when 
perfectly aligned. Once this angle is calculated relatively 
to the polarization-selecting interface, a perfect 
polarization selection will be obtained with the angular 
separation between the two components equalling at least 
twice the extinction angle. On the contrary, when the 
angular separation is below this value, oscillation of both 
the polarization components may occur to a higher or lesser 
amount according to the laser properties of the material 
associated to the two separate components. 

[0047] A detailed description of a real 

implementation of the method according to the present 
invention follows here below with reference to the diagram 
of Figure 2 . 

[0048] The cavity 20, where the ordinary axis u o" 

coincides with the crystallographic axis u c" of the 
crystal forming the anisotropic medium 9 and the 
extraordinary axis w e" coincides with the crystallographic 
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axis "a" of the medium 9, consists of a Nd:YV0 4 a-cut laser 
crystal, manufactured according to the scheme of an active 
birefringent mirror, as further described. This laser 
crystal has a 4x4 mm 2 square section along the 
crystallographic directions u a" and w c" , and a 7 mm length 
along the other longitudinal axis, w a" . The first face 31 
of the crystal, plane and perpendicular to the longitudinal 
axis u a" , has a high reflecting dielectric coating which 
make it highly reflecting (reflectivity R>99.5%) at the 
laser wavelength (in this case, 1064nm) and non reflecting 
(R<5%) to the pumping wavelength (in this case, 808nm) , 
thus forming the mirror 8. The second face 32 is a plane 
face inclined with respect to the first face 31, laying the 
"a" -axis transversally in the plane of the face 32 itself 
to form an angle of about 1 degree between the "c"-axis and 
the projection of the latter on the face 32 itself. This 
second face 32 has a high transmission dielectric coating 
that makes it non reflecting (transmission T>99.8%) at the 
wavelength of the laser beam 1. At about 6cm distance from 
the second face 32 is placed the mirror 10, a plane output 
coupler mirror, with 20% transmission at 1064nm; the mirror 
10 is located on a mechanical mount, not shown, with 
micrometric angular adjustment around two main axes 
oriented as "a" and "c" in the laser crystal. The laser 
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crystal is longitudinally-pumped with a fibre-coupled 
semiconductor laser, supplying over 20W optical power at 
808nm. Figure 6 shows the output power trend depending on 
the pump power for the two different polarizations ( w a" and 
w c") selected with the method according to the present 
invention; it is highlighted how, with the same working 
parameters of the resonator, the laser features of the two 
polarizations are different due to their different laser 
properties, in particular the stimulated emission cross- 
sections pertaining to the two crystallographic axes M a" 
and "c" of Nd:YV0 4 . Figure 7 shows (black dots) the trend of 
the output power versus orientation angle of the output 
mirror 10 (rotated around the direction w a") at a fixed 
pump power of about 18W. The two angular resonant zones of 
the cavity (bell curves) , one for polarization u a" and the 
other for polarization w c" , can be clearly noticed as well 
as the misalignment tolerance with about 18W of the pump 
power absorbed in the laser crystal . The two resonance 
peaks are angularly separated by about 3.7 mrad, in very 
good agreement with the value of 3.63 mrad calculated for 
an inclination angle of 1 degree of the second face, 
assuming the values of 2.1652 and 1.9573 calculated at 
1064nm for n e and no, respectively. It should also be 
noticed how the laser oscillation does not totally 



-18- 



I 



extinguish in going over from one polarization to the other 
(having a mixed-polarization residue of about 4W) ; however, 
near the two resonance peaks, the polarization degree of 
the output radiation is better than 50:1; this is due to a 
competitive phenomenon between the two polarizations in 
exploiting the laser gain: the resonant polarization having 
less losses in the oscillation, deprives the other one of 
the gain required for the oscillation. The graph also 
suggests how increasing the angle between the two faces to 
about 2 degrees, the angular separation will double, 
ensuring total extinction of the laser action in the 
angular zone between the two resonance directions . 

[0049] The method according to the present 

invention can be utilized for obtaining various device 
embodiments for use inside a laser resonator, some of which 
are described in the following. 

[0050] Figure 4 is illustrating an embodiment 

providing the use of an active material 9' in the resonant 
cavity 20, which has optical isotropy with respect to the 
cavity propagation axis 11, obviously emitting unpolarized 
laser light. In this case, selection of the polarization 
can be obtained introducing in the cavity 20 a birefringent 
wedge-shaped element 12 with two faces 41 and 42, both of 
them inclined (alternatively, only one of them inclined) 
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with respect to the direction 11 of the mode propagation in 
the resonator 20 and one face inclined with respect to the 
other. The birefringent element 12 is preferably obtained 
with the extraordinary main axis of the material laying in 
the plane of the one face inclined with respect to the 
direction of the beam propagation, perpendicular to such a 
direction (i.e. perpendicular to the incidence plane) so as 
to maximize the angular separation effect provided by the 
double refraction to the interface (or interfaces) between 
the birefringent wedge element 12 and the air. If both 
faces are inclined with respect to the laser beam, the 
first face 41 separates the polarizations angularly due to 
double refraction, whereas the second face 42 enhances the 
angular separation. Preferably, the faces 41 and 42 crossed 
by the laser radiation have a dielectric anti -reflection 
coating for the laser wavelength, at the predetermined 
incidence angle. For small incidence angles (<10°) , this 
dielectric treatment matches a normal anti -reflection 
treatment for normal incidence, requiring low manufacturing 
costs. Preferred materials for the element may be GdV0 4 , 
YV0 4 or sapphire, cut for inner light propagation along the 
direction of maximum index anisotropy for the transverse 
components of the polarization; in the instance of GdV0 4 and 
YVO4, propagation in the material will preferably occur 
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along one of the crystallographic axes w a" , fully utilizing 
the strong index difference between the perpendicular axis 
u a" and w c" ; these materials should be considered 
preferable for their very good transparency, strong bi- 
refringence, high average refractive index, high damaging 
threshold, easy manufacturing of antiref lection dielectric 
coatings, wide market availability and low cost. 

[0051] In another embodiment illustrated in Figure 

3, the birefringent element with non parallel faces may be 
used to operate as a cavity mirror 14, with a face 51 
facing inside the cavity 20 fitted with an appropriate 
antiref lection dielectric coating, and the face 52 outside 
the cavity fitted with a dielectric coating making it 
totally or partially reflecting at the cavity laser 
wavelength (or wavelengths) , thus defining a w bi-ref ringent 
mirror"; in this embodiment, only the face 51 inside the 
cavity operates a separation of the polarizations, whereas 
the mirror-machined face 52, appropriately aligned, 
performs the selection of one or the other polarization 
component . 

[0052] In the case where the laser material itself 

is birefringent for the transverse polarization components 
of the laser radiation propagating in the cavity, the 
active material may have non parallel faces, such as in the 



-21- 



form of a wedge, as suggested above; to this effect, the 
active material operates an angular separation of the 
polarizations, whereas an outer optics, such as the mirror 
10, for a non limiting example, performs the resonance 
selection of one of the polarizations. 

[0053] A possible embodiment according to this 

example as illustrated in Figure 5 has the birefringent 
laser material 9 in the form of a wedge 13 crossed by the 
laser beam 1; the faces 61 and 62 being crossed have 
antiref lection dielectric coatings appropriate for the 
oscillating wavelength and for the predetermined incidence 
angle . 

[0054] In the embodiment illustrated in Figure 2, 

or "active birefringent mirror", on the contrary, the 
laser crystal forming the anisotropic material 9 is cut 
with the face 31 perpendicular to the propagation axis, 
which has a maximum bi-ref ringence for the transverse 
polarization components of the laser beam, and with the 
face 32 inclined with respect to the first one, the plane 
of such a face 32 containing one of the main axis of the 
index ellipsoid, in order to maximize the selection effect. 
The first face is coated with dielectric layers forming the 
cavity mirror 8, the second face 32 is coated with 
antiref lection dielectric layers for the laser wavelength 
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at the incidence angle defined by the geometry of the 
element . 

[0055] In other embodiments, in a laser cavity 

containing a non linear crystal for altering the cavity 
frequency, the non linear crystal may be cut with non 
parallel faces, such as in the form of a wedge, analogously 
to Figure 4, where the birefringent element 12 may be the 
non linear crystal and operate as the separator of the 
oscillating polarization. The faces of the non linear 
crystal may receive an appropriate non reflecting (or 
reflecting) dielectric treatment to one or more laser 
wavelengths in the cavity. 

[0056] According to another embodiment, in a laser 

cavity containing an optical modulator (typically for Q- 
switching or mode -locking) made of an appropriate 
birefringent material (such as but non limited to LiNb0 3 ) , 
the modulator element or elements may appropriately have 
non parallel faces (such as in the form of a wedge) , as 
described in the previous embodiments, analogously to 
Figure 4, where the birefringent element 12 may be the 
modulator crystal, in order to perform separation of the 
main polarizations, whereas selection is performed by one 
of the mirrors or other optical element forming the cavity. 
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[0057] The selection of the beam polarization 

inside a laser cavity is useful, first of all, because it 
allows the choice of one or more optical properties of the 
output beam tied to its polarization state; however, 
selection of the polarization state of the laser beam is 
also utilized for inducing desired modulation effects of 
the cavity losses. If a laser resonator, in fact, contains 
an element for selecting the polarization state of the 
beam, that resonator is characterized by irrelevant or 
anyway very small losses for a laser beam in that 
determined polarization state only; any optical effect 
allowing a change of the polarization state of the beam 
propagating in the cavity (such as rotation of a linear 
polarization) cannot but increase the typical loss level of 
the above cavity. 

[0058] An appropriate introduction of modulable 

losses for the laser cavity obtained through: 

[0059] - selection of a polarization according to 
the method of the present invention, and 

[0060] - modulation of the polarization of the 
laser beam propagating in the cavity, 

[0061] may be used for obtaining operation, of laser 
cavities in Mode-Locking or Q-Switching regime. 
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[0062] Normally, but not necessarily, a good Mode- 

Locking operation can be obtained introducing relatively 
low periodic losses (a few %) with a time interval in 
accordance with the * round trip' period of the laser 
cavity. 

[0063] If the polarization selection method, on the 
contrary, is such to allow oscillation of a determined 
polarization state (as the subject method) and at the same 
time prevent oscillation of any laser beam in an orthogonal 
polarization state, then the loss level that can be 
introduced through the switching of the polarization to the 
orthogonal state in the cavity may cause the suppression of 
the laser oscillation; in these cases, a controlled effect 
of polarization switching of the laser beam propagating in 
the cavity would allow going from a low loss situation 
(maximum output power) to a maximum loss situation (nil 
output power) ; this condition is essential for the 
operation of laser cavities in Q-Switching regime. 

[0064] A non limiting example of a Q-Switching 

operating laser cavity is described in the following, in 
which the losses required (modulable) are obtained using 
the polarization selection of the method according to the 
present invent ion . 
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[0065] In the cavity depicted in Figure 8, 

analogous to the one of Figure 2, where the active medium 9 
is an active Nd:YVO or Nd:GVO crystal manufactured like an 
active birefringent mirror, an electro-optical Q- switching 
modulator 33, consisting typically of one or more crystals 
apt to rotate the polarization of the laser beam due to the 
electro-optical effect upon changing electric field applied 
to the crystal/s, is inserted between the active medium 9 
and the mirror 10, in a position that maximizes the 
efficiency of the resonator (getting maximum output power 
when the modulator is off, i.e. subject to a nil electric 
field) . Aligning the mirror 10 for the resonance of the 
w c" -polarized beam and keeping no voltage applied to the 
modulator, the cavity can operate with irrelevant losses. 
Applying the appropriate voltage to the modulator, the 

latter rotates the beam polarization by 90 degrees when the 
laser beam travels from the crystal 9 to the mirror 10 and 
back again to the crystal 9. Since the resonator is not 
aligned for the polarization of the beam going back to the 
crystal 9, the laser will totally extinguish. Alternating 
the control voltage, the laser operates in perfect Q- 
switching regime, without having to use the conventional 
polarizer element normally utilized in the prior art. In 
this case, the advantage of the present method for 
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obtaining Q-Switching operating cavities is important, 
since it eliminates the conventional polarizer element 
normally considered critical in high gain lasers; in fact, 
manufacture of polarizers with a high extinction grade for 
the polarization to be suppressed, irrelevant losses for 
the transmitted polarization and a high resistance to 
optical damage, represents an exceptional or, in some 
instances, impossible feat, 

[0066] From the above description the features of 

the present invention as well as the relevant advantages 
thereof are clear. 

[0067] Advantageously, the method for selecting the 
polarization of the laser beam inside a laser cavity 
according to the present invention allows choosing one or 
the other polarization component simply depending on the 
re-alignment of the resonator. In particular, it can be 
noticed how according to the method of the present 
invention, separation of the polarizations and selection of 
the oscillating polarization are two independent processes, 
obtainable, at the limit, with just one birefringent 
optical element and, above all, when compared to the 
conventional methods the selection depends exclusively on 
the optical alignment of the resonator. Also, the proposed 
method is based on creating different resonance conditions 
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of the same oscillator, each one of them selectable through 
the optical alignment of the latter. 

[0068] Moreover, advantageously, most birefringent 

materials suitable for practical implementation of the 
method for selecting the polarization of the laser beam 
inside a laser cavity according to the present invention 
are already normally used inside laser cavities and have 
irrelevant absorption and losses for the oscillating 
radiation in the resonator. 

[0069] The method for selecting the polarization of 
the laser beam inside a laser cavity according to the 
present invention can be easily extended from ideal models 
to a real laser cavity, by evaluating an appropriate 
sensitivity parameter for the misalignment of the cavity 
itself; when sizing a real device according to the present 
method, this parameter is used for controlling the 
oscillation of one or both the polarization components, in 
a higher or minor quantity according to the laser 
properties of the material associated to the two separate 
components. 

[0070] It is obvious that many changes are possible 
for the man skilled in the art to the method for selecting 
the polarization of the laser beam inside a laser cavity 
described above by way of example, without departing from 
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the novelty spirit of the innovative idea, and it is also 
clear that in practical actuation of the invention the 
components may often differ in form and size from the ones 
described and be replaced with technical equivalent 
elements . 
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